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Superheavy Elements - Current Status
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Superheavy Elements
— Current work 2011/12 at
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The TASCA Collaboration =i

@ LIVERPOOL | ‘

SURREY ‘ U
= o Wi =L @
LBNL/UCB Berkeley (USA) U Jyvaskyla (Finland)
LLNL Livermore (USA) U Oslo (Norway)
Vanderbilt U (USA) Chalmers U Gothenburg (Sweden)
ORNL Oak Ridge (USA) PSI Villigen/U Berne (Switzerland)
U Liverpool (UK) ITE Warschau (Poland)
U Surrey (UK) SINP Kolkata (India)
U Lund (Sweden) IMP Lanzhou (China)
JAEA Tokai (Japan) ANU Canberra (Australia)
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Ch.E. Dillmann -  Heaviest elements studied at TASCA — NUSTAR Annual Meeting 2013 -  GSlIDarmstadt - Feb.25-Mar. 1, 2013



Element 120 Cross Sections from Theory

Ti+Cf Fe+Pu
. ‘ Zagrebaev (Myers/Swiatecki)
1 04 Cr+Cm Ni+U Siwek-Wilczynksa (Muntian)
Adamian (Mdller)
Adamian (Liran)
Liu (Mdller)

Nasirov (Muntian)
} Kuzmina (Kuzmina)
B Wang (Muntian)

Best reaction: 20Ti+249Cf

c predicted: ~40 fb — 1 pb

cross section / fb

Asymmetric (More) symmetric

Asymmetry

. _____________________________________________________________________________________________________________________________________________________________________________________________________________________________________|
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2011: The Hunt for Element 120

cross section / fb

Ti+Cf Fe+Pu
. ‘ Zagrebaev (Myers/Swiatecki)
1 04 Cr+Cm N |+U Siwek-Wilczynksa (Muntian)
' Adamian (Mdller)
SHIP "113] Adamian (Liran)
560 fb DGFRSI2] Liu (Méller)
Nasirov (Muntian)
103 - - §§ q - m4“99“ b } Kuzmina (Kuzmina)
B Wang (Muntian)

v ~60d gH|p 091

v 90 fb

116 d

Best reaction: 20Ti+249Cf

c predicted: ~40 fb — 1 pb

[1]1 S. Hofmann et al., GSI Sci. Rep. 2008, p. 131
[2] Yu. Ts. Oganessian et al., PRC 79 (2009) 024603
[3] S. Hofmann et al., TAN 11, Sochi, Russia

Asymmetric (More) symmetric

Asymmetry
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2012.: The TASCA Element 119 Collaboration

J6lu R
Univ. Mainz (D)
sonannes GUTENBERG
UNIVERSITAT MAINz

G HIM Mainz (D)
b RGE ORNL / UT Knoxville (USA)
Vanderbilt U (USA)
LBNL / UC Berkeley (USA)
LLNL (USA)

Lun Lund Univ (S)

Univ. Liverpool (UK)
SINP Kolkata (IND)
JAEA Tokai (J)

Univ. Oslo (N)

U Jyvaskyla

PSI/ Univ. Berne (CH)
ITE Warsaw (PL)

ANU Canberra (AUS)

Ch.E. Diilllmann -  Heaviest elements studied at TASCA

B. Kindler, J. Krier, N. Kurz, B. Lommel, J. Runke, B. Schausten,
J. Steiner, A. Yakushev
EE / lon source / Accelerator staff

Ch.E. Dullmann, A. Di Nitto, K. Eberhardt, S. Klein, J.V. Kratz,
C. Mokry, D. Renisch, P. Thorle-Pospiech, N. Trautmann, N. Wiehl

L.-L. Andersson, X. Derkx, J. Even, J. Khuyagbaatar, V. Yakusheva

R. Grzywacz, D. Miller, J. Roberto, K. Rykaczewski
J.H. Hamilton
N. Esker, J.M. Gates, K.E. Gregorich, H. Nitsche, G.K. Pang

N. Gharybian, J.M. Gostic, R.A. Henderson, K.J. Moody,
D.A. Shaughnessy, E.E. Tereshatov

C. Fahlander, U. Forsberg, P. Golubev, D. Rudolph
D.M. Cox, R.-D. Herzberg, A. Mistry

S. Lahiri, M. Maiti

M. Asai, M. Schadel

J.P. Omtvedt, A. Semchenkov

J. Uusitalo

A. Turler, P. Steinegger

M. Wegrzecki

M. Evers, D. Hinde
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Production of Bk-249
Target Material

Julie G. Ezold and Jeff L. Binder
Fuel Cycle and Isotope Division
Oak Ridge National Laboratory

Cf 249
350.6 a

a 5.812; 5.758..
sf;y 388...; g

Slides courtesy of J. Roberto, ORNL

U.S. DEPARTMENT OF

P
| / E N ERG I
N

% OAK RIDGE NATIONAL LABORATORY

MANAGED BY UT-BATTELLE FOR THE DEPARTMENT OF ENERGY



249Bk — Production

Irradiation of Am/Cm-targets
in the HFIR @ ORNL

@y ormar @t HFIR: 2.5 x 10'° neutrons/cm?-s

— Targets remain in the reactor for
approximately 18 months

— 31 target positions (10-13 targets
typically irradiated)

— Produces ~35 mg %°2Cf per target
(smaller quantities of Bk, Es, Fm)

— Chemical processing of irradiated
targets and separation of Bk

OAK
RIDGE

National Laboratory




Timeline of Berkelium-249 Production

-Eﬂﬂﬂﬂﬂ

Four targets ]
fabricated

Five additional _

targets fabricated

Targets irradiated |

lodine Decay ]

Target processing I—

Bk available @

Bk-249 to be shipped the first week of March 2012




TASCA High Power Target Wh.eel

usedforEl19at EI= %S I
@ Target Wheel: 100 mm

sorannes GUTEN BERG
UNIVERSITAT MAiNz

Target wheel with Gd tested up to
2500 particle:nA

Wheel system: E.Jager et al., J. Radioanal. Nucl. Chem.; in print
Bk Target: J. Runke et al. J. Radioanal. Nucl. Chem.; in print

Cf 249

350.6 a -
. 5.812; 5.758.. \B
sf;y 388...; g

March 6:
249Bk arrives in Mainz

March 23:
Targets arrive at GSI

April 12:
Targets mounted in TASCA

April 14:
Begin Element 119 search




2012: SVTi+249BK

A NN

Agreement 1:
4n is larger than 3n

Agreement 2:
Position (in E) of maximum

3n exit channel
4n exit channel

M Liu + Bao \

(Méller 1995; FRDM)

@ Wang et al.
(Liu 2011; WS3)

A Zagrebaev + Greiner
(Myers 1996; TF)

V¥ Siwek-Wilczynska
(Muntian 2003)
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Search for element 119

119 2951419296119
1o
| I L LN\ 294118
T i i A
14 ms|78 ms
292116
ﬁﬂ@
287115 8811 51289115
s GE E
286114287114/288114(289114
V
278113 2821 1 08411 286113
11302 5 5 94 S
277Cn 283Cn 285Cn
(o e T
1.6ms 6 ms 0.17 sj0.17 s} 3.6 s 05s
o (IR
V.LITID (V. TITIS | 1. 1ITID V.LI1io

109 268\t 270 Mt 274Mtdl 275Mtl 276 Mt
42 ms 5ms 45s09.7msf0.73 s

G 267Hs 270Hs|271Hs 275Hs

' 49 ms ~23s| ~4s

264Bh 266Bh (267Bh 270Bh 271|3 272Bh 274Bh
166 1

sa W
on 52 e
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2012: Elements 119/ 117 / 115

OTi beam 750 nA, and 24°Bk targets with initial thickness =0.44 mg/cm?.

| e

April | May ‘ June

I il

July August September

I e e N

September October November

S0Tj+249Bk—=Element 119
48Ca+249Bk=Element 117
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Fingerprinting the SHE

- Direct measurement of Z

Moseley Plot of Characteristic X-Rays N D D N5 s s

5 chances per decay chain to
observe characteristic X-rays

Iﬂl
@ < 243Am(48Ca,4n)

Tb 65 e e ..‘,......._...._...._._.._._...._.........___

_.
Cs 55

o/ =
Rh 45F -+« ____.,

[ ]

1

Zn 3{)...................................i.. R ————
L]

M
o  C.E. followed by

S @ characteristic
S \/U o uy X-ray emission
1016 s

Adapted from Moseley’s original data (H. G. J. Moseley, /
Philos. Mag. (6) 27:703, 1914) /

152 162

Mn 25

P 15

Hunting highly converted M1 transitions!
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TASISpec

Highly efficient multi—coincidence spectroscopy set—up
for TASCA'’s very compact focal plane image

1 Implantation DSSSD (1024 pixels)
4 box-DSSSDs (1024 pixels)

=> ~80% o~detection efficiency

4 Ge Clover (4*4 crystals)
1 Ge Cluster (7 crystals)
=> ~40% Y-detection eff. at 150 keV

L-L Andersson et al., NIM A 622, 164 (2010)
L.G. Sarmiento et al., NIM A 667, 26 (2011)

&4 UNIVERSITY OF ﬁHELMHOLTZ .

Sk
& B - ‘ UNIVERSIDAD
& LIVERPOOL  [rssoommon g Bog W Ki¥op e

Helmholtz Institute Mainz

Jonannes GUTENBERG OAK RIDGENATIONAL LABORATORY .
UNIVERSITAT e 243Am target material




Summary

« TASCA experiments 2011/12:
-focus: search for elements 119 / 120 w/ °°Ti reactions
-check element 117
-direct Z measurement of 48Ca+243Am chains (w/ TASISpec)
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